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INTRODUCTION: The interplay between gut microbiota and the immune system has a pivotal role in the maintenance 
of bone health. Recently, short-chain fatty acids (SCFAs) produced by gut microbiota have emerged as a key regulatory 
participant in shaping the immune system. Butyrate, the most versatile among SCFAs, has been observed to have local 
and systemic effects including inducing the differentiation of peripheral regulatory T cells (Tregs) in the intestine and bone 
marrow [1]. Tregs are the central actor of the negative feedback component of the immune system. The interaction between 
Tregs and cytotoxic CD8+ T cells suppress the inflammatory status and promote the production of Wnt10b to increase bone 
anabolism [2]. However, the therapeutic benefit of butyrate in bone anabolism remains poorly understood. 
 
METHODS: We develop a multi-compartment physiologically-based pharmacokinetics model to track and quantify 
effects of butyrate on Tregs in the gut, blood, and bone (Fig. 1). Additionally, we connect Wnt10b expression enhanced by 
Tregs to bone remodeling [3]. 
 

 
 
 
RESULTS: The model shows a sustained release of butyrate in the gut can achieve the experimentally observed 
biodistribution of Tregs in the blood and bone marrow. Additionally, through enhanced Wnt10b expression, changes in 
osteoblast differentiation and apoptosis rates and rate of bone formation lead to net increases in bone volume. 
 
CONCLUSIONS: The computational approach gives critical insight into the pharmacokinetics of butyrate, 
biodistribution of Tregs in the gut-bone axis, and their contribution to bone formation. 
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Figure 1: Schematic diagram of butyrate inducing regulatory T cells in the gut-bone axis. 


